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BTU51820 376 bp DNA MAM 16-MAY-1996 

Bos taurus Hereford 7 mitochondrial hypervariable region D-loop, 
partial sequence. 
U51820 

U51820. 1 GI:1314616 

cow strain=Heref ord . 
Mitochondrion Bos taurus 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi / 
Mammalia; Eutheria; Cetartiodactyla; Ruminantia; Pecora; Bovoidea; 
Bovidae; Bovinae; Bos. 

1 (bases 1 to 376) 

Bradley, D.G. , MacHugh, D . E . , Cunningham, P . and Loftus,R.T. 
Mitochondrial diversity and the origins of African and European 
cattle 

Proc. Natl. Acad. Sci . U.S.A. 93 (10), 5131-5135 (1996) 

96209869 

2 (bases 1 to 376) 

Bradley, D.G. , MacHugh, D . E . , Cunningham, P . and Loftus,R.T. 
Direct Submission 

Submitted ( 1 9-MAR-l 996 ) Daniel G. Bradley, Genetics, Trinity 
College Dublin, Dublin, 2, Ireland 

Location/Qualifiers 

1, .376 

/organism="Bos taurus" 
/organelle= "mitochondrion" 
/strain=" Here ford" 
/db__xref-"taxon: 9913" 
/note="HE7" 
<1. .>376 

/note="hypervariable region" 
106 a 92 c 60 g 118 t 



I 

Query Match 100.0%; Score 153; DB 3; Length 376; 

Best Local Similarity 100.0%; Pred. No. le-23; 

Matches 153; Conservative 0; Mismatches 0; Indels 



0; Gaps 



Qy 

Db 

Qy 

Db 



1 gcatataagcaagtacatgacctctatagcagtacataatacatataattattgactgta 60 

I I I I I I It I I I I I I I I I I I I I I I I I I i I I I t I I I I I I I I I I I M I I I I I I I I i I I I I I M 
4 GCATATAAGCAAGTACATGACCTCTATAGCAGTACATAATACATATAATTATTGACTGTA 63 



61 



64 



catagtacattatgtcaaattcattcttgatagtatatctattatatattccttaccatt 120 

I I I I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I I I I I I I I I I M I I I I M I I I I M I I I 

CAT AGT ACATTATGTCAAATTCATTCTTGAT AGTATATCTATT ATATATTCCTT ACCATT 123 



Qy 121 agatcacgagcttaattaccatgccgcgtgaaa 153 

i I I I I I t I I M 1 I 1 I I I I I I I I I I I I I I I I I I I 
Db 12 4 AGATCACGAGCTTAATTACCATGCCGCGTGAAA 156 



6,027,914 
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scciHcnccr. Conscasiis sequences were constructed and ana- 
lyzed with the help of llic University of Wisconsin OCX) 
software package. ITic IJLAST algorithm from the National 
Center for 1 biotechnology Information (NCHI) was also 
employed for nucleotide and amino acid scqucntx homology 5 
search (Allschul, S. F. et al. (1990) 7. Moi Biol, 
215:403-410). 

Preparation of Recombinant Proteins: 

'ITic recombinant CR8 protein with hislidinc-tag was 
prepared using the XprcssTM System (Invitrogcn) accord- lo 
ing to the manufacturer's protocol. cDNA corresponding to 
the CR8 bHLH domain was obtained by PGR, The 
secpiences of the primers, 

5'-(K5GGTCTACCAGGGArGTAC-3' (SEQ ID NO: 15) for 
the 5' side, and 5'-GTAAACCACTCTGCAGGGCAATGA- 15 
3' (SEO ID NO: 16) for the 3' side, were slightly different 
from the fmal conseasus .sequence for CR8, but the differ- 
ence did not atlcct the core bHLH motif. 'Ilie PCR product 
was cloned into p'lTHlue T-vcctor (Novagen) and subse- 
quently into pRSET-A vector at Bamlll and Mindlll sites. 
Coastructs were confirmed by DNA sequencing. The protein 
was ovcrcxpresscd in JM109 at 37° C. in the presence of 
isopropylthio-h-D-galactosidc (IP TG) by infecting the bac- 
teria with M13 phages that contain the 17 RNA polymerase 
gene, llie cells were lysed with 100 fg/ml lysozymc in 
native binding bulTcr (20 mM sodium phosphate, pll 7.8, 
500 mM NaCl), the lysatc was loaded on a ProHond'i'M 
Ni2+column, and the recombinant protein was clutcd with 
nalivc-imidazolc elution buffer (20 mM sodium phosphate, 
pll 6.0, 500 mM NaCl, 500 mM imidazole). The protein was 
then dialyzcd against lysLs buffer (50 mM Iris-IICl, pi I 7.5, 
150 mM NaCl, 1 mM EDTA, 10% glycerol, 0.1% Triton X- 
100, 1 mM D TI) and concentrated on a Microcon 10 
(Am icon). To conlirm the purity and the quantity, the protein 
was fractionated on a 12% SDS-poIyacrylamide gel with 
protein standards of known concentrations and visualized by 
silver staining. The recombinant protein corresponding to 
the bHLH domain of da was supplied by Dr. Michael Caudy 
(Cornell University Medical College). 
Mobility vShift Assay: 

'Hie oligonucleotide probes used for the elcclrophoretic 
mobility shift assay (EMSA) arc as follows: the Class Asitc 
used was the CACCTG hcxaracr (CAGGTG for the opposite 
strand) from the T5 promoter region of the Drosophila AS-C 
(Villarcs, R. ct al. (1987) Cell 550:415-424) (5'- 
GArCGTAGTCACGCAGGl'GGGATCCClA-3' (SEQ ID 
N0:17) and 
5'-GATCTAGGGATCCCACCIGCGTGACTAC-3' (SEQ 
ID NO: 18) for the opposite strand), the Class B site was the 
CACGTG hexaraer from the USF binding site in the adcn- 50 
ovinis major late promoter (Grcgor, P. D. el al. (1990) Genes 
& Dev, 4:1730-1740) (5'- 

GATCGGTGTAGGCCACGTGACCGGGTGT-3' (SEQ ID 
N0:19) and 
5'-GArCACACCCGGTCACGTGGCClACACC-3') (SEQ 55 
ID NO:20), the Qass C site was the CACGCG hcxamcr 
(CGCGTG for the opposite strand) from the AS-C T5 
promoter (5'- 
GATCGGCAGCCGGCACGCGACAGGGCC-3' (SEQ ID 
N0:21) and 60 

5'-GATCGGCCCTGTCGCGTGCCGGCTGCC-3') (SEQ 
ID NO:22), and the N-box (CACNAG) was the double 
hexamcr sequence from the Enhancer of split [E(spl)] m8 
promoter (Klimbt, C. ct al. (1989) EMBO J. 8:203-210) 
(5'-GAiCACGCCACGAGCCACAAGGATrG-3' (SEQ ID 65 
NO:23) and 5'-GATCCAATCClTGTGGCTCGTGGCGT- 
3' (SEQ ID NO:24). One strand of the oligonucleotide was 
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45 



labeled with [g-32P]A'n' by 'r4 polynucleotide kinase, 
liybridized with three limes excess of the op(X>silc strand, 
and pu rilled using MERmaid oligonucleotide purification kit 
(UIO 101). 150 ng of the protein was allowed lo bind lo 
50,000 cpm (equivalent lo 0.5 ng in a typical cxi>crimcnt) of 
the labeled probe for 15 min at room tcinpcraturc in 20 mM 
IIcpcs, pH 7.6, 50 mM KCl, 10 mM DTW S% glycerol, 0.5 
mM EDTA and 0.3 mg/ml I3SA. 'IVo microgram of poly 
(dl-dC) was added to each 20 fl reaction as on-specific DNA. 
Samples were analyzed on a 5% native polyacrylamidc gel 
and visualized by autoradiography. 
Regulation of CR8: 

CR genes were originally defined in IL-2 stimulated 
normal human T cells. To examine CR8 expression in 
cytokine-depcndcnt cell lines, the level of CR8 expression 
was measured by Northern hybridization in the IL-2- 
dcpcndent human T cell line Kit 225, the IL-3-dcpendent 
mouse pro-U cell line Ha/F3, and the I L-2-dc pendent mouse 
T cell line C1LL2. The results of this experiment arc 
illustrated in FIGS. 13A-13C. In PIG. 13A, RNA was 
isolated from quiescent normal human T cells (lanes 1 and 
2), II.-2-dcpendent human Tcell line Kit 225 (lanes 3 and 4), 
IL-3-depcndent mouse pro-M cell lino Ba/1'3 (lanes 5 and 6) 
and IL-2-dcpcndent mouse T cell line CUA2 (lanes 7 and 
8) left untreated (lanes 1 , 3, 5, and 7) or stimulated with 500 
pM recombinant human II.-2 (lanes 2, 4, and 8) or 10 U/ml 
recombinant mouse lL-3 (lane 6) for 2 hr at 37* C. The 
amount of the growth factor used in the experiment was 
sulFicicnl to induce maximal [^H]thymidine incorporation. 
I'en microgram of total RNA was analyzed on 
formaldchydc/agarosc gel and hybridized with either human 
(lanes 1 to 4) or mouse (Unc 5 to 8) CR8 cDNA. 

As shown in PIG. 13A, a single 3.2 kb species hyl^ridb.ed 
to the cDNA probe, and in all three cell lines tested, the level 
of CR8 was clearly augmented when the cells were stimu- 
lated with their respective growth factors. Correlation 
between the level of CR8 and that of DNA synthesis was in 
the presence of growth-inhibitory agents was also examined. 
In this regard, increases in cytoplasmic cAMP arc known lo 
inhibit the growth of many cell types, including lympho- 
cytes (Johnson, K. W. et al. (1988) Proc, Nad Acad. Sci 
USA 85:6072-6076). IPNs also exert antiproliferative activ- 
ity on many celt types (Pcstka, S. et al. (1987) Annu. Rev. 
Biochem. 56:727-777). Therefore, Kit 225 was stimulated 
with IL-2, IPN p, or forskolin, which increases cytoplasmic 
cAMP by activating adenylate cyclase, either alone or in 
combination. IL-2-dependent pH]thymidinc incorporation 
was inhibited by IPNb and forskolin in Kit 225 cells in a 
dose -dependent fashion (FIG. 13 B). PIG. 13 B demonstrates 
that IFNP and forskolin inhibit IL-2-dependcnt pH] 
thymidine incorporation by Kit 225 cells. Ten thousand 
quiescent Kit 225 cells were incubated with indicated 
reagents in 200 fl for 24 hr at 37° C. The cuhure was pulsed 
with [^HJthymidinc for the last 4 hr to monitor the DNA 
synthesis. (•), IL-2 only (500 pM); (0), IL.2 500 
pM+varying concentrations of IPNb (U/ml); (o), IL-2 500 
pM+varying concentrations of forskolin (fM). While for- 
skolin was capable of reducing the IL-2-dependenl pH] 
thymidine incorporation almost to the basal level, IPNp- 
mediated inhibition never exceeded 70% of the maximal 
incorporation in several independent experiments. The 
expression of CR8 was compared with that of c-myc, an 
IL-2-inducible immediate-early gene that encodes a bHLH 
protein and is implicated for cell proliferation (Marcu, K. B. 
et al. {mi) Anna. Rev. Biochem. 61:809^60), 

FIG. 13C shows the eflect of antiproliferative agents on 
the expression of CRH and c-myc transcripts in Kit 225. 
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U-loop 

BASE ^:OUNT 
ORIGIN 



BTU51824 389 bp DNA MAM 16-MAy-1996 

Bos taurus Jersey 5 mitochondrial hypervariable region D-loop, 
partial sequence. 
U51824 

U51824.1 GI:1314620 

cow strain=Jersey . 
Mitochondrion Bos taurus 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Cetartiodactyla ; Ruminantia; Pecora; Bovoidea; 
Bovidae; Bovinae; Bos. 

1 (bases 1 to 389) 

Bradley, D.G. , MacHugh, D . E . , Cunningham,?, and Loftus,R.T. 
Mitochondrial diversity and the origins of African and European 

ca 1 1 le 

Proc. Natl. Acad. Sci . U.S.A. 93 (10), 5131-5135 (1996) 
96209869 

2 (bases 1 to 389) 

Bradley, D.G, , MacHugh, D . E . , Cunningham,?, and Loftus,R.T. 
Direct Submission 

Submitted ( 19-MAR-1996) Daniel G. Bradley, Genetics, Trinity 
College Dublin, Dublin, 2, Ireland 

Location/Quali f iers 

1. .389 

/organism="Bos taurus" 
/organelle^ "mitochondrion" 
/strain=" Jersey" 
/db_xref="taxon: 9913" 
/note="JE5" 
<1. .>389 

/ no te=" hypervariable region" 
111 a 93 c 61 g 124 t 



Query Match 100.0%; Score 46; DB 3; Length 389; 

Best Local Similarity 100.0%; Pred. No. 1.8e-08; 
Matches 4 6; Conservative 0; Mismatches 0; Indels 



0; Gaps 



Qy 1 attatatgccccatgcatataagcaagtacatgacctctatagcag 46 

I I I I I I I I I I I I I I M I I i I I I I I I I I M I I I I I I I I I I I I I I I I I 
Db 3 ATTATATGCCCCATGCATATAAGCAAGTACATGACCTCTATAGCAG 4 8 




6,027,914 
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-continued 



AAGCCAGCCG GGAAGAGAGG TTGAGTCACC CATCCCCOAG GTGGCTGCCC CTGTGTGGGA 002 

GGCAGGTTCT GCAAAGCAAG TGCAAGAGGA CAAAAAAAAA AAAAAAAAAA AAAAATGCGC 862 

TCCAGCAGCC TGTTTGGGAA GCAGCAGTCT CTCCTTCAGA TACTGTGGGA CTCATGCTGG 922 

AGAGGAGCCG CCCACTTCCA GGACCTGTGA ATAAGGGCTA ATGATGAGGG TTGGTGGGGC 982 

TCTCTGTGGG GCAAAAAGGT GGTATGGGGG TTAGCACTGG CTCTCGTTCT CACCGGAGAA 1042 

GGAAGTGTTC TAGTGTGGTT TAGGAAACAT GTGGATAAAG GGAACCATGA AAATGAGAGG 110 2 

AGGAAAGACA TCCAGATCAG CTCTTTTGCC TGTTGCTCAG TTGACTCTGA TTGCATCCTG 116 2 

TTTTCCTAAT TCCCTUSACTG TTCTGGGCAC GGAAGGGACC CTGGATGTGG AGTCTTCCCC 122 2 

TTTGGCCCTC CTCACTGGCC TCTGGGCTAG CCCAGAGTCC CTTAGCTTGT ACCTCGTAAC 128 2 

ACTCCTGTGT GTCTGTCCAG CCTTGCAGTC ATGTCAAGGC CAGCAAGCTG ATGTGACTCT 134 2 

TGCCCCATGC GAGATATTTA TACCTCAAAC ACTGGCCTGT GAGCCCTTTC CAAGTCAGTG 140 2 

GAGAGCCCTG AAAGGAGCCT CACTTGAATC CAGCTCAGTG CTCTGGGTGG CCCCCTGCAG 1462 

GTGCCCCCTG ACCCTGCGTT GCAGCAGGGT GGACCTGTGA GCAGGCCCGC CCTGGGCCCT 1522 

CTTCCTGGAT GTGCCCTCTC TGAGTTCTGT GCTGTCTCTT GGAGGCAGGG CCCAGGAGAA 1592 

CAAAGTGTGG AGGCCTCGGG GAGTGACTTT TCCAGCTCTC ATGCCCCGCA GTGTGGAACA 164 2 

AGCCAGAAAA CGATCCTAGG AAATAAGTCT CTTCGCCGTC CCTCAGACTC CTGCTGAAAT 1702 

CCAGCCAGTG TTTTTTGTGG TATGAGAACA GCCAAAAAGA GATGCCCCGA GATAGAAGGG 1762 

GAGCCTTGTG TTTCTTTCCT GCAGACGTGA GATGAACACT GGAGTGGGCA GAGGTGGCCC 1822 

AGGACCATGA CACCCTTAGA GTGCAGAAGC TGGGGGGAGA GGCTGCTTCG AAGGGCAGGA 1882 

CTGGGGATAA TCAGAACCTG CCTGTCACCT CAGGGCATCA CTGAACAAAC ATTTCCTGAT 1942 

GGGAACTCCT GCGGCAGAGC CCAGGCTGGG GAAGTGAACT ACCCAGGGCA GCCCCTTTGT 2002 

GGCCCAGGAT AATCAACACT GTTCTCTCTG TACCATGAGC TCCTCCAGGA GATTATTTAA 2062 

GTGTATTGTA TCATTGGTTT TCTGTGATTG TCATAACATT GTTTTTGTTA CTGTTGGTGC 2122 

TGTTGTTATT TATTATTGTA ATTTCACTTT GCCTCTACTG GACAATCTCA GCAGGGGTTT 218 2 

CAGCCTGACT GTCTCCCTTT CTCTACCAGA CTCTACCTCT GAATGTGCTG GGAACCTCTT 224 2 

GGAGCCTGTC AGGAACTCCT CACTGTTTAA ATATTTAGGT ATTGTGACAA ATGGAGCTGG 2 302 

TTTCCTAGAA ATGAATGATG TTTGCAATCC CCATTTTCCT GTTTCAGCAT GTTATATTCT 2362 

TATGAAATAA AAGCCCAAGT CCAATATGAA AAAAAAAAAA AAAA 2406 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 202 amino acide 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

Met Cys Arg The Leu Ala Ala Phe Pro Thr Thr Cye Leu Glu Arg Ala 
15 10 15 

Lys GLu Phe Lys Thr Arg Leu Gly lie Phe Leu His Lye Ser Glu Leu 
20 25 30 

Gly Cys Asp Thr Gly Ser Thr Gly Lys Phe Glu Trp Gly Ser Lys His 
35 40 45 

Ser Lyo Glu Aon Arg Aon Pho Sor Glu Aop Val Leu Gly Trp Arg Glu 
50 55 60 



